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Title 10—DEPARTMENT OF NATURAL RESOURCES
Division 20—Clean Water Commission
Chapter 8—Design Guides

10 CSR 20-8.160 Settling.
PURPOSE: This amendment will update the rule toeci industry practices.

PURPOSE: The following criteria have been prepaasd guide for the design of settling
tanks. This rule is to be used with rules 10 C88.210[-]through 10 CSR 20-8.2[210 for

the planning and design of the complete treatrranilitiy. This rule reflects the minimum
requirements of the Missouri Clean Water Commisgshin regard[s] to adequacy of design,
submission of plans, approval of plaasd approval of completed [sewage works]stewater
treatment facilities It is not reasonable or practical to include all pscts of design in these
standards. The design engineer should obtain appraie reference materials which include
but are not limited to: copies of all ASTM Internainal standards pertaining to settling tanks
and appurtenances, design manuals such as WateriEEmment Federation’s Manuals of
Practice, and other wastewater treatment facilitgsign manuals containing principles of
accepted engineering practicBeviation from these minimum requirements wilkbewed
where sufficient documentation is presented tafjuie deviation. These criteria are taken
largely fromthe 2014 edition of th&reat Lakes-Upper Mississippi River Board of State
[Sanitary Engineershnd Provincial Public Health and Environmental Margers
Recommended Standards for [Sewage Woilks}tewater Facilitieand are based on the best
information presently available. These criteriareveriginally filed as 10 CSR 20-8.030. lItis
anticipated that they will be subject to review aadision periodically as additional information
and methods appear. [Addenda or supplements sapthitblication will be furnished to
consulting engineers and city engineers. If otliggsire to receive addenda or supplements,
please advise the Clean Water Commission so thraeaaan be added to the mailing list.]

(1) Definitions. Definitions as set forth in thee@h Water Law and 10 CSR 20-2.010 shall apply
to those terms when used in this rule, unlessah&et clearly requires otherwise. Where the
terms“shall’ and“ must' are used, they are to mean a mandatory requirensafar as
approval by thgagency] Missouri Department of Natural Resources (departmet) is
concerned, unless justification is presented feradimn from the requirements. Other terms,
such as should, “recommend, “p referred and the like, indicatfiscretionary requirements
on the part of the agency and deviations are stltfemdividual considerationjhe preference
of the department for consideration by the designragineer.
(A) Deviations. Deviations from these rules may bapproved by the department when
engineering justification satisfactory to the depatment is provided. Justification must
substantially demonstrate in writing and through cdculations that a variation(s) from
the design rules will result in either at least eqwalent or improved effectiveness.
Deviations are subject to case-by-case review withdividual project consideration.
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(B) Clarifier. Clarifiers are settling tanks with m echanical means for continuous
removal of solids deposited by sedimentation. A aldier is generally used to remove
solid particulates or suspended solids from liquiar clarification or thickening. Sludge
collects at the bottom of the tank, or sludge hoppeand is removed.

(C) Freeboard. Freeboard is the vertical distancerdm the normal water level surface to
the top of the tank.

(D) Scum. Scum is particles that float to the surfee of the liquid.

(E) Side Water Depth. Side water depth is the vertal distance from the top of the
overflow weir to the top of the sludge hopper.

(F) Sludge Hopper. A sludge hopper is the lowest pu of a settling tank where sludge
accumulates and is removed.

[(2) Exceptions. This rule shall not apply to fd@s designed for twenty-two thousand five
hundred gallons per day (22,500 gpd) (85°fior less (see 10 CSR 20-8.020 for the
requirements for those facilities).]

(2) Applicability. This rule shall apply to all wastewater treatment facilities with settling.
(A) This rule shall not apply to animal feeding opeations, animal manure management
systems, or other agricultural waste management sisns. Design guide and criteria for
these facilities are found in 10 CSR 20-8.300 an® TSR 20-8.500.

(3) Genera[Considerations]
(A) Number of Units. Multiplesettling units capable of independent operation are ddsirab
and shall be provided in dplants] wastewater treatment facilitieswhere desigmaverage
flows exceed one hundred thousand (100,00 (379n7/d)] gallons per day [Plants]
Wastewater treatment facilities without[not having] multiple settling unitsshallbe
designed tainclude other provisions to assure continuity eitment.The design should
consider provisions for future installation of setting units.
[(B) Arrangement. Settling tanks shall be arrangrdccordance with subsection 10 CSR
20-8.140(5)(E).]
[(C)] (B) Flow Distribution. Effective flonjmeasurementplitting devices and control
appurtenancegthat is, valves,j.e., gates, splitter boxes, etc.) shall be providegetaonit
proper proportiomg of flow and solids loadingto eactsettling unit, throughout the
expected range of flowsRefer to 10 CSR 20-8.140(5)(H).
[(D) Tank Configuration. Consideration should bgen to the probable flow pattern in the
selection of tank size and shape, and inlet anikbiytpe and location.]

(4) Design[Considerations]
(A) Dimensions.
1. The minimum length of flow from inlet to outlthould] shall be ten feet (10[3
m)] unless special provisions are made to prevent[shaircuiting.[The sidewater
depth for primary clarifiers shall be as shallow@scticable, but not less than seven
feet (7') (2.1 m). Clarifiers following the acttea sludge process shall have sidewater
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depths of at least twelve feet (12) (3.7 m) tovjpl® adequate separation zone between
the sludge blanket and the overflow weirs. Clardifollowing fixed film reactors shall
have sidewater depth of at least seven feet (Z)r(R]

2. The vertical side water depths shall be designed fmrovide an adequate

separation zone between the sludge blanket and tlogerflow weirs. The minimum
side water depths shall be as followis Table 160-1, included herein

Table 160-1. Minimum Side Water Depth

Minimum Side Water Depth
Type of Settling Tank (ft)
Primary 10
Secondary tank following activated
sludge process 12
Secondary tank following attached
growth biological reactor * 10

! Greater side water depths are recommended for segdary tanks in excess of four
thousand square feet (4,000 % surface area (equivalent to seventy feet (70')
diameter).

(B) SurfaceSettling Rates (Dverflow Ratep] .
[1. Primary settling tanks. Surface settling rates primary tanks should not exceed one
thousand (1000) gpd per square foot (4irf/day) at design average flows or one
thousand five hundred (1500) gpd per square fobtr{fr/day) for peak hourly flows.
Clarifier sizing shall be calculated for both fla@nditions and the larger surface area
determined shall be used. Primary settling of rmlrdomestic sewage can be expected
to remove thirty to fifty percent (30-50%) of thfluient BOD. However, anticipated
BOD removal for sewage containing appreciable qitist of industrial wastes (or
chemical additions to be used) should be determiryeldboratory tests and
consideration of the quantity and character of Weestes.]
1. Primary setting tanks. Primary settling tank siZzng should reflect the degree of
solids removal needed and the need to avoid septionditions during low flow
periods. Sizing shall be calculated for both the dggn average and design peak
hourly flow conditions, and the larger surface areadetermined shall be used. The
following surface overflow ratesin Table 160-2, included hereinshould not be
exceeded in the design:
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Table 160-2. Primary Settling Tank Surface OverflowRates

Surface Overflow Rates at:'
Design Average Flow| Design Peak Hourly Flow| - { Comment [ETC1]: Reference Metcalf & Eddy
Type of Primary Settling Tank (gpd/ft?) (gpd/ft?) Table 5-20.
Tanks not receiving waste
activated sludge’ 1,000 2,000 — 3,00(
Tanks receiving waste activated
sludge 700 1,200- 1,700

! Surface overflow rates shall be calculated with hflows received at the settling
tanks. Primary settling of normal domestic wastewadr can be expected to remove
approximately one-third of the influent BOD when ogerating at an overflow rate
of one thousand gallons per day per square foot (100 gpd/ft).

“ Anticipated BOD removal should be determined by lhoratory tests and should
consider the character of the wastes. Significaneduction in BOD removal
efficiency will result when the peak hourly overflav rate exceeds one thousand five
hundred gallons per day per square foot (1,500 gpfif).

2. Intermediate settling tanks. Surfdsettling] overflow rates for intermediate settling
tanks following series units of fixed film reacfmocessefshall] should not exceed one
thousand five hundreld1500) gpd per square foot (62mr/day)] gallons per day per
square foot (1,500 gpd/fi) based orthe designpeak hourly flowHigher surface
settling rates to one thousand five hundred gallonger day per square foot (1,500
gpd/ft’) based on the design peak hourly flow may be pertéd if such rates are
shown to have no adverse effects on subsequent tr@ant units.

3. Final settling tanks pilot test. Settling testgshould] shall be conducted wherevar
pilot study of biological treatment is warrantedunusual waste characteristifm]
treatment requiremeirjtk, or [Testing shall be donelvhere proposed loadings go beyond
the limits set forth in thigsection] rule. Refer to 10 CSR 20-8.140(5)(B) for pilot
testing requirements.

4. Final settling tanks — attached growth biologickreactors. Surfacegsettling]
overflow rates for settling tanks following trickling fitg[or rotating biological
contractors]shall not exceed one thousand two hundif&2i00) gpd]gallons per day
per square fodi(49m*mf/day)] (1,200 gpd/ft) based otthe designpeak hourly flow.

5. Final settling tanks — activated sludge[Final settling tanks following]ro perform
properly while producing a concentrated return flow, activated sludgfprocesses
must]settling tanks shallbe designed to meet thickenifag well as]and solids
separation requirements. Since the rate of redaitiocul of return sludge from the final
settling tanks to the aeration of-f@eration tanks is quite high in activated sludge
processeghe surfacesettling rate] and weir overflow rateshould be [adjusted]
adjustable for the various processes to minimize the problesitis sludge loadings,
density currents, inlet hydraulic turbulene@d occasional poor sludge settleabilfihe
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hydraulic design of intermediate and final settliagks following activated sludge
processes shall be based upon the anticipated Ipeaily rate for the area downstream
of the inlet baffle. The hydraulic loadings shait exceed—one thousand two hundred
(1200) gpd per square foot (4&m’/day) for conventional, step aeration, contact
stabilization and the carbonaceous stage of sepastdge nitrification; one thousand
(1000) gpd per square foot (43m?/day) for extended aeration; and eight hundred §800
gpd per square foot (33¥m?/day) for the separate nitrification stage. Theidsloading
for all activated sludge processes shall not exdédpounds (50 Ibs.) solids per day
per square foot (244 kgffday) at the peak rate. Consideration should bewito flow
equalization.]The size of the settling tank shall be based on tharger of the surface
areas determined for surface overflow ratenased on the design peak hourly flow
and solids loading rate. The following design critea in Table 160-3, included

herein, shall not be exceeded:

Table 160-3. Activated Sludge Final Settling Tank Btes

Surface Overflow Rate at Peak Solids
Design Peak Hourly Flow' | Loading Rate”
Treatment Process (gpd/ft?) (Ib/day/ft?)
With diurnal flow

————— 1,000 -
equalization = -
Wltho_ut o!lurr31al flow 150 ;
equalization
Conventional,

Step Aeration,

Complete Mix, 4

Contact Stabilization, 1,200 40
Carbonaceous Stage of

Separate Stage Nitrification

Extended Aeration 1,000 35

Single Stage Nitrification
Two (2) Stage Nitrification 800 35
Activated Sludge with

Chemical addition to Mixed

: 900° 35

Liquor for Phosphorus

Removal

! Based on influent flow only.

’ The peak solids Ioading rate s_hall be calculatedalsed on th_e design maximum qay Comment [ETC2]: 10 CSR 20-8.020(12)(B)7.B.
flow rate plus the design maximum return sludge ra¢ requirement and the design | The maximum surface settling rate at peak rates of

. . ; . /| flow with flow equalization shall not exceed one

H mIXQd Ilquor Suspended solidunder ae_rgt_lon. ) ) )/ thousand gallons per day per square foot (1,000

Applicable to wastewater treatment facilities witha design average flow of less - gpd/ff) for domestic type wastewater. For plants

without flow equalization, the maximum surface

than one hundred thousand gallons per day (100,0@fpd). settling rate shall not exceed one hundred fifty

gallons per day per square foot (150 gpp4t the
twenty-four (24)-hour average design flow.
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“ Wastewater treatment facilitiesneeding to meet twenty milligrams per liter (20
mg/L) suspended solids should reduce the surfacearflow rate to one thousand
gallons per day per square foot (1,000 gpdfit

> When phosphorus removal to a concentration of leghan one milligram per liter
(1 mg/L) is required.

(C) Inlet Structures.
1. Inletsand baffling [should] shall be designed to dissipate the inlet velocity, to
distribute the flow equallyboth horizontally and verticallyand to prevent shdst

circuiting.
2.|Provision of flocculation zones shall bevaluatedfor secondary settling tanks. - { Comment [ETC3]: Stakeholder comment: Wha}
3. Channelgshould] shall be designed to maintain a velocity of at leastfooé (1) per does this entai?

second(0.3m/s)] at one-half (1/2) the desigiverageflow.
4. Corner pockets and dead efstsould] shall be eliminated[and c]Corner fillets or
channelingshall beused where necessary.
5. Provisions shall be made for elimination or remi@fdloating materialshat may
accumulatein inlet structures.

(D) Weirs.
1. General. Overflow weirs shall beadily adjustablgfor leveling] over the life of the
structure to correct for differential settlement of the tank.
2. Location. Overflow weirs shall be located toiopze actual hydraulic detention time,
and minimize shoft] circuiting. Peripheral weirs shall be placed at least one fodl')
from the wall.
[3. Design rates. Weir loadings should not exceded thousand (10,000) gpd per lineal
foot (124nVm/day) for plants designed for average flows 6frhgd (3,785riday) or
less. Higher weir loadings may be used for plamsighed for larger average flows but
should not exceed fifteen thousand (15,000) gpdimeal foot (186r¥m/day). If
pumping is required, weir loadings should be redate pump delivery rates to avoid
short-circuiting.]
3. Design rates.The following weir loadingsin Table 160-4, included hereinshall

not exceed:
Table 160-4. Weir LoadingRatds | - Comn;elnt [EchC41:)WPr1]at do you think oLusigg >
- s < t tl t it

Load|ng Rate at DeSlgn spsgﬂgd%j; escrioe the capacities or shoule |

Average\Wastewater Treatment Peak Hourly Flow

Facility Capacity (gpd/If)

< 0.1 MGD 10,000

0.1 MGD —1 MGD 20,000 __ | Comment [ETC5]: Stakeholder question why th

> 1 MGD 30000 = increase from 10,000 to 20,000 gpd/If?

WEF Clarifier Design ? Edition — “Experience of

. . . . . many operators and design engineers has led to
4. Pumping.If pumping is required, the pumps shall becapable of operatingas general agreement that substantially higher weir

continuously as possible. Also, weir loadings shalibe related to pump delivery loading rates would not impair performance,

A . . provided other design parameters are selected
rates to avoid short circuiting. consistent with good design practice.”
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[4.]5. Weir troughs. Weir troughs shall be designed &vent submergence at
[maximum]designpeak hourly flow and to maintain a velocity of at least onetf(l")
per second(0.3m/s)] at one-half (1/2]the] designaverageflow.
(E) Submerged Surfaces. The tops of troughs, beamdssimilar submerged construction
elements shall have a minimum slope of:].&ertical to one horizontal;] (1.4:1).[t] The

underside ofthe] suchelementgshould] shall have a slope of one to one (1:1) to prevent

the accumulation of scum and solids.
(F) Unit D-] watering.
1. Unit dd-] watering features shall conform to the provisiontioed in 10 CSR 20-
8.140(6)C).
2. The unit isolation desigfshould also]shall provide for[re] distribution of theplant]
facility flow to the remainingettling units.Refer to 10 CSR 20-8.140(6)(B).
(G) Freeboard. Walls of settling tanks shall extanhtbast six inches (6[§15 cm)] above
the surrounding ground surface and shall providdass than twelve inches (14{B0 cm)]

of freeboard. Additional freeboard or the use of wenteens is recommended where larger
settling tanks are subject to high velocity windreats that would cause tank surface waves

and inhibit effective scum removal.

(5) Sludge and Scum Removal.
(A) Scum Removal. Effectivsurface scum collection and removal facilities, including
baffling, shall be provided for all settling tanK$e unusual characteristics of sclwhich]
that may adversely affect pumping, piping, sludge hiswgdhnd disposdkhould] shall be
recognized in design. Provisiofmay] shall be madégfor the discharge of scum with the
sludge; however,jo remove scum from the wastewater treatment procesand direct it
to either a scum concentrator or to the sludge treanent process|o] Other special
provisions forscumdisposal may be necessary.
(B) Sludge RemovaMechanical [S]dudge collection and withdrawal facilities shall [se]
designedas] to assure rapid removal of the sludge. Suctiohdvawal should be provided
for activated sludggplants designed for reduction of the nitrogenouggen demand and is
encouraged for those plants designed for carbonas@xygen demand reductidiakilities
with settling tanksover sixty feet (60") in diameter, especially for etivated sludge
facilities that nitrify . Each settling tank shall have independent sludge thidrawal lines
to ensure adequate control of sludge wasting ratdsr each tank.

1. Sludge hopper. The minimum slope of the siddsvgall be 1.[7] vertical to one

horizontal (1.7:1). Hopper wall surfaces should be made smooth witinded corners to

aid in sludge removal. Hopper bottoms shall hawgaimum dimension of two feet (2")

[(.6m)]. Sludge hoppers with[E] extra deptHsludge hoppersfor sludge thickening are //
not acceptable. K

2. Cross-collectors. Cross-collectors serving dyeof more settling tanks may be useful
in place of multiple sludge hoppers.

3. Sludge removdpiping] pipeline. Eachsludgehopper shall have an individugHy
valved sludge withdrawal line at least six inch@9 [(15 cm)] in diameterfor gravity
withdrawal and four inches (4") in diameter for pump suction. Sludge return air lift

/
/

Comment [ETC6]: 10 CSR 20-8.020(12)(B)7.E.
A baffle shall be provided at the outlet, withim si
inches (6") of the effluent trough and extended fo
to eight inches (4" - 8") below and six inches (6")
above the liquid level.

Comment [ETC7]: 10 CSR 20-8.020(12)(B)7.C,
Tank hoppers should have a minimum side slope
sixty degrees (60°) to the horizontal and bottowis
in excess of one foot (1') square or one footifl’)

diameter. In computing detention capacity of non-
mechanical hopper tanks, only the upper one-thir

(2/3) (by height) of the hopper(s) may be included.

Tank hoppers should be considered as commenc
when two (2) or more sides have a side slope ¢f g
degrees (60°) to the horizontal. Dual hopperedgat
should provide a minimum water depth of two fee
(2") over the junction of sixty degrees (60°) walls

between hoppers. The installation of more than tw
(2) hoppers per settling tank will not be accepted.

o
=

n

ng

o
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piping shall be at least three inches (3") in dianter. The static head available for
withdrawal of sludge shall be thirty inches (3{{7)6 cm)] or greater as necessary to
maintain gthree]two-foot ([3] 2') per second(0.9m/s)] velocity in the withdrawal pipe.
Clearance between the end of the withdrawal lirlethe hopper walls shall be sufficient
to prevent bridging’ of the sludge. Adequate provisions shall be madeddding or
back-flushing individual pipe run®rovisions shall be made to allow for visual
confirmation of return sludge. Piping shal[also] be provided to returfjwaste] sludge

[to primary clarifiers] for further processing. Refer to/10 CSR 20-8.170(7)(B). -+ Comment [ETC8]: 10 CSR 20-8.170(7)(B) draft
; ; P 6/3/16:
4. Sludge removal contrcﬂiepz_arate se_ttlmg tank s_ludge lines may drain to eommon St il i sl e e e il
sludge well.Sludge wells equipped with telescoping valves bepappropriate diameter of 8” for gravity withdrawal and 4” for
H : : i 3 ; pump suction and discharge lines. Where withdrawal
equipment shall be prowdepl for viewing, sgmp,llagd control_lmg the rate of sludge e e o
withdrawal.[The use of easily maintained sight glass and samgplalves may be should be at least 4’ greater than the calculagexih

loss. All sludge piping systems shall be desigoed

appropriate.] A means of measuring the sludge removal rate beabrovided. Aift T ) o s i Y

[type of] sludge removal will not be approved tbe removal of primary sludges.
[Sludge pump motor control system shall includestolocks and valve activators for
regulating the duration and sequencing of sludgaageal.]

(6) Protective and Service Facilities.
(A) [Operator] Facility PersonnelProtection. All settling tanks shall be equipped to
enhance safety fgoperators] facility personnel. [These]Safety features shall
appropriately include machinery covers, life lingsirways, walkways, handraiisnd sli-
] resistant surfaces.lso refer to 10 CSR 20-8.140(9).
(B) Mechanical Maintenance Access. The design gnallide for convenient and safe
access to routine maintenance items such as gras,becum removig] mechanism[and]
baffles, weirs, inlet stilling baffle arsgand effluent channels.
(C) Hosing Equipment.Hosing equipment for routine flushing of walls and walkways at
all facilities shall be provided. Where water supp} is not available, a pump with hose
connection may be usedkefer to 10 CSR 20-8.140(8)(D) for wastewater tresient
facility water supplies.
[(C)] (D) ElectricalEquipment, Fixtures and Controls. Electricaquipment, fixtures and
controls in enclosed settling basensd scum tanks, where hazardous concentrations of
flammable gases or vapors may accumulatshall[be suitable for hazardous locations (]
meet the requirements of theNational Electrical Code for Class[Group D,] Division 1,
Group D locatiorf)] s. The fixtures and controls shall be located sthgsovide convenient
and safe access for operation and maintenance uatiegrea lighting shall be provided.

(7) High-Rate and Chemically Enhanced Settling. Hilg-rate and chemically enhanced
settling units shall be evaluated on a case-by-cakasis. Design standards, operating data,
and experience for this process are not well estashed. Therefore, design of these units
should be based upon experience at similar full stainstallations or thoroughly
documented prototype testing with the particular watewater. Refer to 10 CSR 20-
8.140(5)(B) for pilot testing requirements.
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(8) |Supplement to the Summary of Design. The summuiof design shall containthe __ - -| Comment [ETC9]: Is there anything additional
following information in addition to that required in 10 CSR 20-8.110(5): e e
(A) Hydraulic detention time; process units)? If so, ideas of what to include?

(B) Surface overflow rates at design peak hourly éiw:
(C) Peak solids loading rate; and
(D) Weir loading rate at design peak hourly flow.

AUTHORITY: section 644.026, RSMo Supp. 1988.* @aigiule filed Aug. 10, 1978, effective March 1979.
*Original authority 1972, amended 1973, 1987, 1993.



